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The old-established growth method of Osborne, Mendel & Ferry (1919) for determining the protein efficiency ratio (PER) of protein sources has recently been suggested both in Canada (Chapman, Castillo & Campbell, 1959 ) and the USA (Derse, 1960) as a routine method for assessing the nutritive value of proteins. Njaa (1963) in a detailed study of the nitrogen balance sheet method for measurement of biological value (BV) (Mitchell, 1923-4a) considers that it and the growth method (PER) are preferable to other biological methods of protein assessment and that the former is more satisfactory than the latter in short-term experiments as it gives both more detailed information and more consistent results. Bigwood (1964) has also recommended BV as the most satisfactory estimate of protein quality. We have already reported (Henry & Toothill, 1962) Io0 (Mitchell, 1923-4a We have found (Henry, Cormack & Kosterlitz, 1961 and unpublished) that for cortisone-treated rats the BV of proteins is reduced but that their nutritive value as determined from N deposition in the liver is unchanged. It was, therefore, of interest to see in what way cortisone would affect the NPU, determined from body-water measurements, of those proteins already studied.
Working with several species of animal, a number of workers have reported higher N retentions when measured in balance experiments than by carcass analysis (cf. Butterworth, 1962). In this laboratory (Henry & Toothill, 1962) we have found that the N content of the carcasses of rats given experimental diets is slightly underestimated when it is calculated from equations relating body water to body N and derived from values for rats given our stock diet. For these reasons an experiment was arranged in which N retention from a 'N-free' diet and from good-and poor-quality proteins was determined in balance experiments and by direct and indirect (body water) determination of N in rat carcasses. The results are now reported.
EXPERIMENTAL
Animals. Rats of our hooded Norwegian strain were used. They were weaned at 21 days on to our normal stock diet (McKinlay, 1951).
Experimental diets. The basal ' N-free ' diet had the percentage composition : rice starch 64, sugar 12, potato starch 10, margarine fat 10, salts (de Loureiro, 1931) 4.
The protein source to be tested replaced an equal weight of rice starch. To each kg of diet were added : thiamine 3'3 mg, riboflavine 5-5 mg, pyridoxine hydrochloride 3.3 mg, calcium pantothenate I 1.0 mg, folic acid 0.6 mg, biotin 0.6 mg, p-aminobenzoic acid I 1.0 mg, nicotinic acid I 1.0 mg, inositol I 10.0 mg, choline hydrochloride 1900 mg, menaphthone (2-methyl-I, 4-naphthaquinone) 2-2 mg, cyanocobalamin zopg. The diets were offered ad lib. In addition, 360 i.u. vitamin A, 26 i.u. vitamin D and 1.4 mg a-tocopheryl acetate were given separately by mouth, in arachis oil, to each rat at the beginning of an experiment and subsequently once a week in those experiments lasting for more than 10 days.
Sources of protein tested. Comparison of N retention as determined by the balance-sheet method and by carcass analysis. Eight litters of four 30-day-old female rats were used. One rat from each litter was killed at the beginning of the experiment and the carcass analysed for water and N as described by Henry & Toothill (1962) ; these values were used to estimate the initial body N content of litter-mates given the experimental diets. The remaining three rats in each litter were given the N-free diet, or diets in which casein, or wheat gluten supplemented with I % DL-methionhe, supplied 8 % protein. These proteins were selected to be primarily deficient in methionine and lysine respectively. The rats were given the diets for 10 days, urine and faeces being collected, and were then killed with coal gas and the carcasses analysed for water and N as above. Two groups of four rats were allotted to each diet as in the determination of NPU by estimation of body-water, so that duplicate values were obtained for NPU (carcass).
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). Table I gives PER values for twenty-three protein sources previously assayed by the balance-sheet and body-water methods (Henry & Toothill, 1962) . No result was obtained for a poor-quality meat meal (MM2o) as three of the six rats lost respectively. The agreement between PER and the other methods was excellent for good-quality proteins but progressively worsened as the quality of poorer protein sources deteriorated. In general, good agreement was observed when rats grew at a rate greater than 10-12 g/week. Table 2 shows the effect of cortisone on the NPU (carcass), NPR and NPU (balance) of casein, soya-bean meal, cottonseed meal (CM13) and wheat gluten. Values for all three measurements with these proteins were lowered by cortisone. The decreases were more marked for NPU (carcass) and NPR than for NPU (balance), particularly with wheat gluten for which the 6 % loss in NPU (balance) was not statistically significant. Table 3 shows that, compared with carcass-N determination, the balance-sheet method overestimated both N lost by rats on a N-free diet and N retained from diets supplying 8 yo protein as casein or wheat gluten supplemented with methionine. On I965 all three diets N balances were reduced when carcass N was calculated from bodywater measurements. There were marked individual variations between rats, and analysis of variance showed that, for casein and wheat gluten, N retentions calculated from balance and carcass-N determinations did not differ significantly but that results calculated indirectly from body water were significantly lower than either. With the N-free diet, N losses calculated from balance values were intermediate between the two estimates from carcass analyses, and all differences were significant. The table includes NPU values calculated from the balance values and from carcass N determined directly or from the water content. The two values derived from carcass analysis agreed well but were lower than those derived from balance values, Table I that, under standard experimental conditions, PER, NPU (balance), NPU (carcass) and NPR ranked the twenty-three proteins for which a PER value was obtained (see p. 127) in essentially the same order. Differences between methods were observed, however, when experimental conditions were changed (level of protein intake, Fig. I) or metabolic disturbances induced (cortisone treatment, Table 2 ). Chapman et al. (1959) studied six protein sources of different quality and observed a greater spread between good-and poor-quality proteins for PER than for NPU or NPR. They also found good reproducibility for the PER of casein. Our results confirm both of these findings. The PER value of casein given in Table I is the mean of four separate determinations of 3-63, 3-52, 3-58 and 3-54; a further value of 3-52 was obtained in the experiment to study the effect of level of protein intake. These figures for casein are rather higher than those, determined at similar levels of intake, reported in the literature. An explanation probably lies in the observations of Keane, Smutko, Krieger & Denton (1962 , 1963 ) that higher PER values are obtained when diets are given moistened with water than when given dry. The latter appears to be the more general practice, but in this laboratory such diets are mixed to a thick paste with water to minimize scattering.
RESULTS

D I S C U S S I O N
It is clear from
The results shown in Fig. I of wheat gluten, in which the first limiting amino acid is lysine, between the 4 and 8 yo protein levels is similar to that previously observed for a lysine-deficient sample of dried skim milk (Henry & Kon, 1957) ; the probable reasons for the finding were discussed by these authors. As would be expected, the curves for BV and NPU (carcass) were very similar; those for NPR resembled them rather than the curve for PER.
These observations that maximum BVS, but not PER, are usually found at an 8-1o% level of protein intake and are largely independent of protein quality may partly explain the greater spread in PER than in BV when determinations are made at a constant protein level (see Table I ).
The differences between N retentions calculated from balance and carcass-N determinations (Table 3) can be attributed, at least in part, to inevitable analytical errors. Although not significant, the differences in N retention from casein and wheat gluten are in the direction observed by other workers (cf. Butterworth, 1962). They lend some support to the view that the discrepancy is largely caused by errors in the Chalupa & Fisher, 1963) . Such errors will be of less significance with a N-free diet when smaller amounts of N are excreted. Scrimshaw (1962) advises caution in the calculation of NPU (carcass) from bodywater measurements and points out that ' evidence is accumulating that the inherent assumption, i.e. that the ratio of gain in protein to gain in water is constant, does not hold good for all types of dietary protein', and Stucki & Harper (1962) query the assumption 'that carcass N : H,O ratios are constant at any given age regardless of the previous dietary treatment'. Some support for these doubts is evident from the values involving carcass analyses now presented. Table 4 gives the N content of litter-mate rats given our stock diet or the three experimental diets, determined directly or calculated from body-water measurements, together with earlier results (Henry & Toothill, 1962) . Although very few determinations were made, it is clear that the N:H,O ratio determined with rats given our stock diet predicts accurately the N content of such rats but that it slightly, but consistently, underestimates N in rats given experimental diets. Standal (1963), on the other hand, found that the N content of the carcasses of rats given five experimental diets (one with no protein and four with 10% protein) was from I to 20% higher when calculated from water than from N analyses; he determined the relationship between water and N in the bodies of seventy-seven rats given diets containing six types of protein of varying quality. We have already pointed out (Henry & Toothill, 1962 ) that a slight error is inherent in calculating N in the body from its water content, but concluded that the error would be constant for the N-free and other experimental diets so that the NPU (carcass) values quoted in that paper would not be affected. This view is supported by the excellent agreement for both casein and wheat gluten when NPU (carcass) is determined by direct or indirect carcass-N measurement (Table 3) . Two further discrepancies between NPU (balance) and NPU (carcass) arc evident in the tests with cortisone. In the first place the extent of the reduction in NPU (balance) varied with the quality of the protein, whereas the reduction in NPU (carcass) was
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similar for the four proteins tested. Secondly the reduction was more marked for NPU (carcass) than for NPU (balance). One cause of this finding is undoubtedly the error arising from the application of the N: H,O conversion factor determined on normal rats to animals treated with cortisone: body water was reduced by such treatment but the change in body N may not have been proportional. The percentage loss in nutritive value of these proteins was very similar when measured as NPU (carcass) or NPR. This observation together with the close correlation for these quantities evident from (1955) , is the same as NPR, since the dominating factor in both terms is the difference in weight between groups of rats given a N-free diet and the test protein. It may be concluded that, for a rapid routine assessment of protein quality, the simpler determination of NPR can replace that of NPU (carcass).
In general, and in spite of the greater amount of time and labour involved, balance methods are preferred to the simpler growth methods as they give more precise information (Njaa, 1963 ; (USA) National Research Council, 1963 ; Bigwood, 1964) . Growth methods are, however, simpler than balance methods for the routine assessment of protein quality, and good correlation has been found between NPU (both balance and carcass) and PER (Block & Mitchell, 1946-7; Henry et al. 1947-8; Bender, 1956) . PER has been criticized by Bender & Doell (1957) because no value is obtained if the quality of the protein is too poor to permit growth; they consider that the inclusion of a control group given a N-free diet in the determination of NPR overcomes this difficulty, However, workers have asked for further information on the significance and value of such a group (Campbell, Sabry & Cowan, 1963 ; (USA) National Research Council, 1963). Campbell et al. (1963) conclude that the choice of method should primarily be determined on the basis of precision and reproducibility. Of the growth methods studied by them, they found that NPR values were no more stable than those for PER, whereas in this laboratory PER correlated with NPU (balance) rather better than did NPR (Table I and p. 128). Good reproducibility for the PER of casein has been observed in Canada (Chapman et al. 1959) and in this laboratory (p. I~I ) , and Derse (1960) has reported good agreement between laboratories for three proteins of different quality when a standard procedure was adopted. On the other hand, discrepancies were observed between two laboratories when NPU (carcass) was determined from bodywater measurements (cf. Henry & Toothill, 1962). There were similar discrepancies for NPR values calculated from the same data. It may be concluded that, at present, PER can be considered a more satisfactory growth method than NPR when used for the evaluation of proteins for growing children. The failure of the former to yield values for proteins of poor quality is not serious since, as Campbell (1961) has pointed out, a protein that will not support growth in the rat is unlikely to be of value for malnourished infants unless it can be shown to have supplementary properties. 5. NPU, determined both from balance data and by carcass analysis, of casein, soya-bean meal, cottonseed meal and wheat gluten was reduced by a daily injection of 2.5 mg cortisone acetate. The reduction in NPU (balance) decreased with protein quality from 38% for casein to 6% for wheat gluten; the reduction in NPU (carcass) was independent of protein quality and amounted to 35-50%. 6. N retention from a 'N-free' diet and from diets containing 8% protein as casein or wheat gluten was determined from balance data or from analysis of the carcasses for N, determined directly or calculated from body-water values. NPU values for casein and wheat gluten were calculated from the three sets of data.
7. Compared with analysis of the carcasses for N, the balance-sheet method overestimated both the N lost with the 'N-free' diet and the N retained with casein and wheat gluten. The discrepancies were accentuated when N in the body was calculated from its water content. For both proteins, NPU (carcass) was independent of the method of determining body N ; the values were lower than for NPU (balance).
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